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FIG. 3
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FIG. 5
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FIG. 9

REFERENCE BELT DETERIORATION
INTENSITY Z LEVELK

Z3=Z

Z22=7<2Z3
Z1=2<22
Z<Z1

(Z3>22>2Z1)

FIG. 10
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150 PAGES 30 MIN

BELT DETERIORATION
LEVEL K

300 PAGES
900 PAGES

1000 PAGES (H10) 120 MIN(H20)



U.S. Patent Nov. 12, 2013

Sheet 9 of 14

FIG. 11

AN
ANNNNNNNY
m

NN
NN
N
NANW

xm . 062
—2 /
-

m
2

\\\\\‘.\
m
NN
N
'ENNNANNN
AN

AUNANNNN

96¢c

W
W

DI
m
77 .
77 -
77
77
7
| 727

N,
I
v
L

06a

063

96¢

US 8,582,992 B2

NN
AN
NN
NN
M
AN
NN
NUNNNNNN
MM
» DNOINNAN
\m\
\‘&\\&L\
m
m
\m
I NN
m
SUNNNNN
IUNANNNN
RNANNINN

AN

////I’/
W

a8 RNk kN = w »

W
77
i
W
Y777
7771 |
Do
77
v
7z




US 8,582,992 B2

! —
LINN - .I_
ONINYOL JOWNI 008
| _%3 omz__oz%o oo |
m SHYOSNAS TvIILdO aNo23s || IsMid m
S B - LINN ONIONYHO |
= | e i e e
L F
Q /’
= 28 1INN NOILOTHN0D -~ . ] oyh___%o -
| s

dOSN4S L
88 JAN1VH3dNEL |

Nov. 12, 2013

_ LINA ONILL3S
ANQJ4S

“ 908~ LINN NOILYY3O

U.S. Patent

9L - / / 43.LNdINOD

——

\_,.moE_I ~_
NOILOTHNOD

JONVY X
EMELEEEN

JNIL J
=NEEEEN

AONINOIYA H

JONJ&343
—
v_.

13A3T NOLLYY
ONEIE(IRE: _(\\
ALISNILN 7
JONINI4TY
NVHO0Yd d

AHOWEIN

6L 0L MILNINd

0Ll



U.S. Patent Nov. 12, 2013 Sheet 11 of 14 US 8,582,992 B2

FIG. 13
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FIG. 14A FIG. 14
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IMAGE FORMING APPARATUS AND
STORING MEDIUM

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims priority from Japanese Patent
Application No. 2010-041908 filed on Feb. 26, 2010, the

entire contents ol which are incorporated herein by reference.

TECHNICAL FIELD

Aspects of the present invention relate to an image forming
apparatus and a storing medium.

BACKGROUND

Traditionally, an 1image forming apparatus has been used.
The image forming apparatus includes a forming unit, which
forms an 1mage on an object by transferring the image to a
relatively moving object. In the image forming apparatus, 1f a
position of the image formed on the object by the forming unit
1s not i conformity with a planned 1mage position, a so-
called position deviation occurs. Further, if an area of the
image that 1s formed on the object by the forming unit 1s not
in conformity with a planned image area, a so-called color
deviation occurs. Related art discloses a correction process
that prevents deterioration of 1image quality due to the posi-
tion deviation and the color deviation. In the correction pro-
cess, the position deviation and the color deviation are pre-
vented by detecting a surface condition of the object,
determining a position of the image formed on the object
based onthe detected result, and then executing the correction
process.

SUMMARY

In an 1image forming apparatus, when the surface condi-
tions of the object deteriorates, or when an 1nside of the
apparatus 1s hot or humaid, probability of a success of a cor-
rection process becomes low. In related-art, the correction
process was executed at a normal frequency under such con-
ditions by selecting a portion having a relatively good surface
condition as a detection area. However, 11 the correction pro-
cess 1s executed at a normal frequency under such conditions,
a number of failures of the correction process increase. Thus,
detection values that can be used 1n the correction process are
reduced, and an accuracy of the correction process decreases.

Accordingly, it 1s an aspect of the present mvention to
provide an 1mage forming apparatus capable of preventing,
the correction process to be executed at low accuracy.

According to an aspect of the present invention, there 1s
provided an image forming apparatus comprising: a forming,
unit configured to form an 1mage on a relatively moving
object, the 1mage including a mark; a first detection unit
configured to detect the mark formed by the forming unit so as
to obtain a first detection result; a correction unit configured
to execute a correction process 1n which an 1image forming
condition of the image forming unit 1s changed based on the
first detection result; a setting unit configured to set the cor-
rection process not to be executed when a value related to a
correction accuracy of the correction umt 1s lower than a
reference value; and a control unit configured to control the
correction process based on the setting by the setting unit.

According to another aspect of the present invention, there
1s provided a computer readable storing medium storing a
computer program for causing an image forming apparatus,
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2

which includes an 1mage forming unit, to perform a method
of: forming an image on a relatively moving object, the image
including a mark; detecting the mark so as to obtain a first
detection result; executing a correction process 1n which an
image forming condition of the image forming unit is
changed based on the first detection result; setting the correc-
tion process not to be executed when a value related to a
correction accuracy of the correction process 1s lower than a
reference value; and controlling the correction process based
on the setting.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a sectional side view of a printer 10;

FIG. 2 1s a block diagram showing a control system of the
printer 10;

FIG. 3 1s a flowchart showing a controlling process of the
printer 10;

FIG. 4 15 a flowchart showing setting of a correction inter-
val H;

FIG. 5 1s a flowchart showing checking of a position devia-
tion correction requirement;

FIG. 6 1s a flowchart showing checking of a density cor-
rection requirement;

FIG. 7 1s a flowchart showing a correction process;

FIG. 8 1s a perspective view of optical sensors 24, 26 and a
belt 36;

FIG. 9 1s a table showing a relationship of a reference
intensity Z and a belt deterioration level K;

FIG. 10 1s a table showing a relationship of the belt dete-
rioration level K and the correction interval H:

FI1G. 11 1s a chart used for manual correction:

FIG. 12 1s a block diagram showing a control system of a
printer 110;

FIG. 13 1s a flowchart showing a correction process of the
printer 110;

FIG. 14 (14A, 14B) 1s a tlowchart showing a correction
process; and

FIG. 15A 1s a table showing a relationship of a reference
range X and a correction history R; and

FIG. 15B 1s a table showing the relationship of the refer-
ence range X and the correction history R.

DETAILED DESCRIPTION

First Exemplary Embodiment

The first exemplary embodiment of the mvention will be
described with reference to FIGS. 1 to 11.

1. Overall Configuration of a Printer

FIG. 1 1s a sectional side view showing schematic configu-
ration of a printer 10 of the first exemplary embodiment. As
shown in FIG. 1, the printer 10 1s a color laser printer that uses
toner of four colors (vellow, magenta, cyan and black) and
forms a color image by using a direct transier tandem method.
The printer 10 1s formed 1n a casing 12. A feeding tray 14 1s
provided at a bottom inside of the casing 12. A sheet material
16 such as a sheet 1s stacked on the feeding tray 14.

The sheet material 16 1s supplied to the feeding tray 14 by
a user, and after the sheet material 16 1s stored in the casing
12, the sheet material 16 1s lifted up by a pressing plate 18, and
then the sheet materials 16 1s pressed to a pickup roller 20.
The sheet material 16 1s transferred to a registration roller 22
by rotating the pickup roller 20. After an inclination correc-
tion of the sheet material 16 1s made by the registration roller
22, the sheet material 16 1s sent to a belt unit 30.
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The beltunit 30 includes a pair of support rollers 32 and 34,
a belt 36 and multiple transfer rollers 38. The belt 36 1s
constructed between the support rollers 32 and 34. Ends of the
belt 36 are connected to form a ring. The transfer rollers 38 are
provided inside the ring-shaped belt 36 at equal intervals. The
support rollers 32 and 34 are rotated counterclockwise by a
motor that 1s not shown 1n the figure, and the belt 36 moves
accordingly. The sheet material 16 that has been sent to the
belt unmit 30 moves together with the belt according to the
rotation of the belt 36.

An 1mage forming unit 40 1s provided upper to the belt unit
30. The image forming unit 40 includes a scanner unit 42 and
a process unit 44. The scanner unit 42 (process unit 44)
contains four scanner units 42 (process units 44) correspond-
ing to the toner of four colors. When specitying each of the
scanner units 42 (process unit 44), one or two alphabets
(vellow: Y, magenta: M, cyan: C and black: BK) identiiying
cach color are provided after reference numbers. Each pro-
cess unit 44 15 arranged at equal intervals at a position that
corresponds to each transier roller 38 of the belt unit 30. Each
scanner unit 42 1s arranged above each of the corresponding
process units 44.

The scanner units 42 control each laser emitting units 46
based on each 1image data sent from a computer 70 (FIG. 2),
to 1rradiate laser light L to surfaces of each photosensitive
drums 50 provided on the corresponding process unit 44.

Each process unit 44 includes a charger 48, a photosensi-
tive drum 30 and a developing cartridge 52. The charger 48
charges the surface of the photosensitive drum 50 to be uni-
formly positive. A toner storage chamber 54 and a developing
roller 56 are provided 1n the developing cartridge 52. The
toner storage chamber 34 of the developing cartridge 52 1s
f1lled with toner, and the toner 1n the toner storage chamber 54
1s supplied to the developing roller 56.

In the 1mage forming unit 40, when an 1mage 1s formed on
the sheet material 16 or the belt 36, the charger 48 charges the
surface of the photosensitive drum 50 to be positive. Next, the
laser light L from the laser emitting unit 46 of the scanner 42
1s 1rradiated to the photosensitive drum 50. Thus, an electro-
static latent image corresponding to the image to be formed 1s
formed on the surface of the photosensitive drum 50.

When the photosensitive drum 50 on which the electro-
static latent image was formed passes through a toner supply
position F between the photosensitive drum 50 and the devel-
oping roller 56, the toner carried on the developing roller 56
1s supplied to the surface of the photosensitive drum 50 on
which the electrostatic latent image was formed. The toner
images of each color are formed on the corresponding pho-
tosensitive drum 50 thereby.

When the photosensitive drum 50 on which the toner image
was formed passes through a transier position I between the
photosensitive drum 50 and the transfer roller 38, the toner
image of the photosensitive drum 50 1s transierred to the sheet
material 16 (belt 36) that passes the transfer position I, by
applying negative transfer bias to the transfer roller 38. As a
result, an 1mage 1s formed on the sheet material 16. In addi-
tion, batches 92 and 94 (see FIG. 8) are formed on the belt 36.
Each color image 1s successively formed on the sheet material
16 (belt 36) with the movement of the belt 36. The image
formed on the sheet material 16 1s sent to a fixing umit 38 and
fixed, and 1s discharged to a discharging tray 62 formed

outside the casing 12 by a discharging roller 60.

Optical sensors 24 and 26 (e.g., first detection units, second
detection units, particular detection units) and a clearing
roller 28 are provided lower to the belt unit 30. The optical
sensors 24 and 26 can detect the batches 92 and 94 formed on
the belt 36. As shown in FIG. 8, the optical sensors 24 and 26
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are reflective optical sensors which are arranged side by side
in a direction orthogonal to the movement direction of the belt
36, shown by an arrow 95.

The cleaning roller 28 removes toner and paper dust
attached to the belt 36. Here, the “the attached toner” includes
the batches 92 and 94 intentionally formed on the belt 36 as
well as the toner unintentionally attached to the belt.

2. Electrical Configuration of the Printer

FIG. 2 schematically shows a control system of the printer
10. The printer 10 further includes an operation unit 86 and a
computer 70. The printer 10 1s controlled by the computer 70.
The operation unit 86 includes multiple buttons, through
which operations such as power ON/OFF and printing start
instruction, and correction setting can be input by a user. The
computer 70 includes a memory 72 and a Central Processing
Unit (CPU) 74. Various programs P are stored 1in the memory
72 to control operations of the printer 10. The CPU 74
executes various functions of the printer 10 according to the
program P which 1s read from the memory 72.

In the printer 10, four scanner units 42 (process units 44),
corresponding to the toner of four colors, are provided to the
image forming unit 40. When image forming conditions, such
as density and position of an 1image formed on the sheet
material 16 by each scanner unit 42 (process unit 44), are not
adjusted, image quality of the images formed on the sheet
material 16 deteriorates. Therefore, the program P 1s stored in
the memory 72 of the computer 70 to correct the image
forming condition of each scanner unit 42 (process unit 44),
and the program P i1s executed under certain conditions. At
this time, as shown 1n FIG. 2, the CPU 74 functions as a
setting unit 76 and a control unit 78. In addition, the CPU 74
functions as a changing unit 80. The CPU 74 that functions as
the changing unit 80 functions as a correction unit 82 by
operating together with the optical sensors 24 and 26. The
correction unit 82 corrects the 1image forming condition of
cach scanner unit 42 (process unit 44) by controlling the
image forming umt 40 and using a reference mtensity 7 (an
example of reference conditions), a belt deterioration level K
(an example of reference value) and a correction interval H
(an example of reference frequency) stored 1in the memory 72.

3. Correction Process of the Formed Image

With reference to FIG. 3, the correction process to the
image forming condition of the printer 10 will be described.
The correction process 1s repeatedly executed atter the power
1s supplied to the printer 10.

When the correction process starts, the CPU 74 confirms
the correction setting input by a user (52). Next, the CPU 74
sets the correction interval H of the correction unit 82 (54).

In S4, the CPU 74 functions as the setting unit 76, and
executes the following processes shown 1n FIG. 4.

The CPU 74 controls the optical sensors 24 and 26, and
detects the surface condition of the belt 36 (S12). In particu-
lar, the surface condition of the belt 36 i1s detected by the
optical sensors 24 and 26 with the movement of the belt 36. As
shown 1n FIG. 8, the optical sensors 24 and 26 irradiates the
light from light sources 24a and 26a 1nside the optical sensors
24 and 26 to the detected area E on the surface of the belt 36,
and measures an intensity of light L retlected from the belt 36,
and the measurement result (an example of a second detection
result) 1s transmitted to the CPU 74.

Next, the CPU 74 selects the belt deterioration level K
based on the measurement result (S14). In this case, the belt
deterioration level K may be selected by using an average
value of the measurement result for one circuit of the belt,
which has been calculated, or by using a lowest intensity
among the measurement result of one circuit of the belt. The
CPU 74 compares the measurement result transmitted from
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the optical sensors 24 and 26 with the reference intensity Z
stored 1n the memory 72. As shown 1 FIG. 9, the reference
intensity 7 1s stored 1n the memory 72 in correspondence with
the belt deterioration level K. The belt deterioration level K
set 1n the memory 72 decreases as the reference intensity 7.
decreases. When the belt 36 deteriorates, and the measure-
ment result measured by the optical sensors 24 and 26 1s low,
the belt deterioration level K 1s lower than the original state
(belt deterioration level K 1s 3). The CPU 74 determines the
reference intensity 7Z based on the measurement result, and
selects the belt deterioration level K corresponding to the
reference intensity Z.

Next, the CPU 76 determines the correction interval H
based on the selected belt deterioration level K, and sets the
correction interval H of the correction unit 82 (S14). As
shown 1n FIG. 10, the correction interval H corresponding to
the belt deterioration level K 1s set 1n the memory 72. In the
memory 72, the correction interval H 1s set so as to increase as
the belt deterioration level K decreases, so that the correction
frequency decreases. In other words, the correction process 1s
set so as not to be executed as the belt deterioration level K
decreases. The CPU 74 determines the correction interval H
corresponding to the selected belt deterioration level K, and
sets 1t as the correction interval H of the correction unit 82.

In the first exemplary embodiment, the correction interval
H1 of the density deviation correction by the first correction
unit (that 1s, the first changing unit 80a and the optical sensors
24 and 26), which 1s set by the first setting unit 76a, 1s set by
using the print number of the sheet material 16 since the
previous correction process was executed. In addition, the
correction mterval H2 of the position deviation correction by
the second correction unit (that 1s, the second changing unit
806 and the optical sensors 24 and 26), which 1s set by the
second settmg unit 76b, 1s set by using the elapsed time since
the previous position deVIEltIOIl correction was executed. In
the first exemplary embodiment, 1n order to execute the cor-
rection process accordmg to each 1mage forming condition,
the correction interval H 1s set under separate conditions by
the first correction unit and the second correction unit. When
the belt 36 deteriorates and the measurement result measured
by the optlcal sensors 24 and 26 decreases, the correction
interval H1 1s set larger than that of the orlgmal state (correc-
tion interval H1: 30 min, correction interval H2: 150 pages).
That 1s, the correction interval H1 1s set so that the correction
frequency decreases.

Next, the CPU 74 executes a checking process of the posi-
tion deviation correction requirement (S6). The CPU 74 func-
tions as the control umt 78 in S6, and executes the following
processes shown 1n FIG. 5.

The CPU 74 confirms the position correction setting con-
firmed 1 S2 (S22). An elapsed time T1, which 1s a time
clapsed since the previous position deviation correction was
executed, has been measured by the CPU 74, and when the
position deviation correction setting 1s ON (S22 1s YES), the
CPU 74 compares the elapsed time T1 and the correction
interval H2 (S24). When the elapsed time T1 1s smaller than
the correction interval H2 (S24 1s NO), the CPU 74 terminates
the checking process of the position deviation correction
requirement. When the elapsed time T1 exceeds the correc-
tion mterval H2 (S24 1s YES), the CPU 74 determines
whether the correction mterval H2 1s equal to the maximum
correction interval H20 (120 minutes) (S26). When the cor-
rection interval H2 1s equal to the maximum correction inter-
val H20 (826 1s YES), the CPU 74 sets the manual correction
requirement S to ON (532). When the correction interval H2
1s smaller than the maximum correction interval H20 (826 1s
NO), the CPU 74 sets the position deviation correction
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requirement D to ON, and terminates the checking process of
the position deviation correction requirement (S28). Mean-
while, when the position deviation correction setting 1s OFF
(S22 1s NO), the CPU 74 terminates the checking process of
the position deviation correction requirement.

Next, the CPU 74 executes a checking process of the den-
sity correction requirement (S8). The CPU 74 functions as the
control unit 78 1n S8, and executes the following processes
shown 1n FIG. 6.

The CPU 74 confirms the density correction setting con-
firmed 1n S2 (542). A print number M of the printer 10, which
1s a number of printing since a previous density correction
was executed, has been measured by the CPU 74, and when
the density correction setting 1s ON (S42 1s YES), the CPU 74
compares the print number M and the correction interval H1
(S44). When the print number M 1s smaller than the correction
interval H1 (544 1s NO), the CPU 74 terminates the checking
process of the density correction requirement. When the print
number M exceeds the correction interval H1 (S44 1s YES),
the CPU 74 determines whether the correction interval H1 1s
equal to the maximum correction interval H10 (300 pages)
(5S46). When the correction interval H1 1s equal to the maxi-
mum correction mterval H10 (546 1s YES), and the manual
correction requirement S 1s not set to ON 1n the checking
process of the position deviation correction requirement, the
CPU 74 sets the manual correction requirement S to ON
(S52). When the correction interval H1 1s smaller than the
maximum correction mterval H10 (S46 1s NO), the CPU 74
sets the density correction requirement to ON, and resets the
print number M (S50), and terminates the checking process of
the density correction requirement. Meanwhile, when the
position deviation correction setting 1s OFF (842 1s NO), the
CPU 74 termunates the checking process of the position
deviation correction requirement.

When the correction interval H1 1s equal to the maximum
correction interval H10, or the correction interval H2 1s equal
to the maximum correction interval H20, the CPU 74 sets the
manual correction requirement S to ON (532). As shown 1n
FIG. 10, when the correction interval H1 1s equal to the
maximum correction interval H10 (or the correction interval
H2 1s equal to the maximum correction interval H20), the belt
deterioration level K 1s small, and the probability that the belt
1s deteriorated 1s high. In the first exemplary embodiment, 1n
this kind of case, by requiring that the correction process be
executed manually by a user and preventing the correction
process by the correction unit 82, the execution of the correc-
tion process at low accuracy can be prevented.

Next, the CPU 74 executes the correction process (S10).
The CPU 74 functions as the changing unit 80 (correction unit
82) 1n S10, and executes the following processes shown 1n
FIG. 7.

The CPU 74 executes the density correction process prior
to the position deviation correction process. In the position
deviation correction process, 1 order to exactly detect the
positions of the batches 92 and 94 formed on the belt 36 by
using the optical sensors 24 and 26, 1t 1s necessary to previ-
ously form the batches 92 and 94 in density which 1s higher
than a predetermined density. The execution of the position
deviation correction process 1n low accuracy can be prevented
by executing the density correction process prior to the posi-
tion deviation correction process.

When the CPU 74 executes the density correction process,
the density correction requirement U 1s confirmed first (S 62)
When the density correction requirement U 1s ON (562 1s
YES), the CPU 74 executes the density correction process
(564). In the density correction process, as shown 1n FIG. 8,
the CPU 74 controls the image forming unit 40 so as to form
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the batches 92 and 94 to be used for density correction on the
surface of the belt 36. The CPU 74 controls the optical sensors
24 and 26 to detect the retlected light intensity of the belt 36
of an area E1 1in which the batches 92 and 94 are formed. The
CPU 74 changes the image forming conditions of the image
forming unit 40 so that an amplitude of an area that the
detected reflected light intensity (an example of the first
detection result) exceeds a predetermined threshold value
matches a reference amplitude. After the density correction
process 1s executed, the density correction requirement U 1s
turned OFF (566). Meanwhile, when the density correction
requirement U 1s OFF (S 62 1s NO), the density correction
process 1s not executed.

Next, the CPU 74 executes a position deviation correction
process. When the CPU 74 executes the position deviation
correction process, the position deviation correction require-
ment D 1s confirmed (S68). When the position deviation
correction requirement D 1s ON (568 1s YES), the CPU 74
executes the position deviation correction process (S70).
Similar to the density correction process, the CPU 74 detects
the retlected light intensity of the belt 36 of the area E1 in
which the batches 92 and 94 are formed. The CPU 74 changes
the 1image forming conditions of the image forming unit 40 so
that a position of an area that the detected reflected light
intensity exceeds a predetermined threshold value matches a
reference position in the moving direction of the belt 36. After
the position deviation correction process 1s executed, the
position deviation correction requirement D 1s turned OFF
(S72). After that, the elapsed time T1 1s reset, and then, the
clapsed time 11 starts to be counted again (S873). Meanwhile,
when the position deviation correction requirement D 1s OFF
(S68 1s NO), the position deviation correction process 1s not
executed.

Next, the CPU 74 executes a manual correction process.
When the CPU 74 executes the manual correction process,
the manual correction requirement S 1s confirmed (S74).
When the manual correction requirement S 1s ON (S 74 1s
YES), the CPU 74 controls the image forming unit 40 and
prints a chart used for manual correction shown in FIG. 11 on
the sheet material 16 (S76). F1G. 11 1s a chart used for manual
correction of color deviation correction.

As shown 1n FIG. 11, multiple identification marks 96 are
described 1n the chart used for manual correction to correct
manually the image forming conditions (density, position
deviation) of the image forming unit 40. A first identification
mark 96a adjusting the image forming condition between
black and magenta, a second 1dentification mark 965 adjust-
ing the image forming condition between black and cyan, and
a third 1dentification mark 96¢ adjusting the image forming
condition between black and yellow are formed 1n each 1den-
tification mark 96. Each identification mark 96a, 965 and 96¢
are arranged on left and right sides of a short edge of the sheet
material 16 (corresponding to a sub-scanning direction of the
belt 36) and 1n the center of the sheet material 16.

Next, the CPU 74 urges the user to execute the manual
correction process according to a notification by a notification
unit provided to the operation unit 86 (S78). Even when the
correction accuracy of the correction process executed by the
correction unit 82 1s evaluated to be low, a certain degree of
correction accuracy can be ensured by manually executing
the correction process by a user. A user that notices the print-
ing of the chart used for the manual correction and the noti-
fication by the notification unit inputs values that are related
to the position deviation corresponding to each identification
mark 96a, 965 and 96¢. According to the value input based on
the 1dentification marks 96a, 965 and 96¢ that are arranged on
the left and right sides, the CPU 74 corrects the image forming,
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conditions of the image forming unit 40 in the main scanning
direction of the belt 36. In addition, according to the value

input based on each identification mark 96a, 966 and 96¢ that
are arranged in the center, the CPU 74 corrects the image
forming conditions of the image forming unit 40 1n the sub-
scanning direction of the belt 36. After the above processes
have been executed, the CPU 47 sets the manual correction
requirement S as OFF (S80). Meanwhile, the density correc-
tion can be corrected manually by, printing a chart to be used
for manual correction of the density correction, which 1s
different from that of FIG. 11, inputting a density deviation
value visually determined by the user, and executing the
density correction based on the input density deviation value.

In the first exemplary embodiment, when the belt 36 dete-
riorates, and the measurement result measured by the optical
sensors 24 and 26 1s low, the correction frequency 1s set to be
low. In other words, the correction process 1s set not to be
executed. According to the first exemplary embodiment, even
if the correction accuracy of the correction unit 82 1s evalu-
ated to be low, the number of failures of the correction process
can be low, and the execution of the correction process in low
accuracy can be prevented.

Second Exemplary Embodiment

The second exemplary embodiment of the nvention will be
described with reference to FIGS. 12 to 15.

FIG. 12 schematically shows a control system of a printer
110 of the second exemplary embodiment. The printer 110
includes a temperature sensor 88 (an example of the third
detection unit) that detects a temperature Q (an example of the
third detection result) inside the printer 110. The CPU 74
includes a timing unit 84 to measure the time N during which
the density correction process 1s executed. Reference time G,
which 1s a reference of the elapsed time T2 (an example of the
measuring time) ifrom the execution time N of the density
correction process, 1s stored in the memory 72. In addition, as
shown 1n FIG. 13a, areference range X, which 1s a reference
of the temperature Q detected by the temperature sensor 88, 1s
stored 1n the memory 72 in correspondence with a correction
history R of the position deviation correction process of the
printer 110. The correction history R 1s a record showing
whether the correction process was normally executed 1n the
printer 110. “The correction process was not normally
executed” means that, for example, the amount of data that
can be used by the correction process among the amount of
data detected by using the batches 92 and 94 1s not enough, or
the correction process was interrupted. For the reference
range X and the correction history R that are stored as to
correspond to each other, for example, an 1mitial value “0O”,
showing that the correction process can be normally
executed, 1s stored 1n the correction history R corresponding
to all the reference ranges X prepared by printer manufac-
tures. When the correction process 1s executed, and the cor-
rection process 1s not executed normally, “X” 1s stored 1n the
correction history corresponding to the temperature when the
correction process 1s executed. As shown 1n the reference
range X2, when the correction process executed for the ref-
erence range X2 1s normally executed until now, “0O” 1s stored
in the correction history R corresponding to the reference
range X2. On the other hand, as shown in the reference range
X1, when the correction process executed for the reference
range X1 1s not normally executed until now, “X” 1s stored in
the correction history R corresponding to the reference range
X1.

With reference to FIG. 13, a correction process of the
image forming condition of the printer 110 will be described.
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When the correction process starts, the CPU 74 confirms
the correction setting input by a user (S82). Next, the CPU 74
executes the checking process of the position deviation cor-
rection requirement (S84) and the checking process of the
density correction requirement (S86) without setting the cor-
rection interval H of the correction unit 82, which 1s different
from the first exemplary embodiment 1. The processes ol S84
and S86 are same as the processes described in the first
exemplary embodiment by using the same names, and
repeated explanation 1s omitted.

Next, the CPU 74 executes the correction process (S88).
The CPU 74 function as the changing unit 80 (correction unit
82) 1n S88, and executes the following processes shown 1n
FIG. 14 (14A, 14B).

The CPU 74 first executes the density correction process.
When the density correction requirement 1s ON (592 1s YES),
the CPU 74 executes the density correction process (594).

In the second exemplary embodiment, when the density
correction process 1s executed, the correction interval H of the
correction unit 82 1s set at the same time. In other words, as
shown 1n FIG. 8, when the CPU 74 detects the retlected light
intensity of the belt 36 of the area E1 1n which the batches 92
and 94 are formed, the CPU 74 simultaneously detects the
reflected light intensity of the belt 36 of an area E2 1n which
the batches 92 and 94 are not formed. The CPU 74 uses the
reflected light mtensity of the belt 36 detected from the area
E1 in which the batches 92 and 94 are formed to execute the
density correction process. In addition, the CPU 74 uses the
reflected light mtensity of the belt 36 detected from the area
E2 in which the batches 92 and 94 are not formed to set the
correction interval H (for the first correction interval H1, the
correction interval H1 of the density correction process
executed subsequently). The detection of the reflected light
intensity of the belt 36 which 1s necessary for the density
correction process, and the detection of the reflected light
intensity of the belt 36 which 1s necessary for the setting of the
correction interval H can be executed at the same time, so that
time necessary for the correction process 1s reduced. In addi-
tion, for the density correction process and the setting process
of the correction interval H, the processes are same as the
processes described in the first exemplary embodiment by
using the same names, and repeated explanation 1s omitted.

After the density correction process 1s executed, the CPU
74 sets the density correction requirement U to OFF (596),
and the time N during which the density correction process 1s
executed 1s measured (S98). Meanwhile, when the density
correction requirement U 1s OFF (5892 1s NO), the density
correction process 1s terminated.

Next, the CPU 74 executes the position deviation correc-
tion process. The CPU 74 confirms the position deviation
correction requirement D (S100). When the position devia-
tion correction requirement D 1s ON (8100 1s YES), the CPU
74 executes the processes described heremafter. Meanwhile,
when the position deviation correction requirement D 1s OFF
(5100 1s NO), the CPU 74 terminates the position correction
process. When the position deviation correction requirement
D 1s ON (8100 1s YES), the CPU 74 controls the temperature
sensor 88 to detect the temperature () inside the printer
(S102). The CPU 74 compares the detected temperature @
with the reference range X stored 1n the memory 72 (8104).
When the detected temperature Q 1s within the reference

range X corresponding to the correction history R showing
“0” (8104 1s YES), the CPU 74 proceeds to the next process

(S106).
On the other hand, when the detected temperature Q) 1s
within the reference range X corresponding to the correction

history R showing “X”” (5104 1s NO), the CPU 74 terminates
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the position deviation correction process without setting the
position deviation correction requirement D to OFF. In the
second exemplary embodiment, when the correction history
R 1s “X”, the position deviation correction process 1s not
executed. When the correction history R 1s “X”, the execution
of the position deviation correction process in low accuracy
can be prevented by not executing the correction process
when the correction process may fail. In the second exem-
plary embodiment, by not setting the position deviation cor-
rection requirement D to OFF 1n the above-described case,
the position deviation correction requirement D 1s maintained
as ON, until the detected temperature Q 1n the subsequent
correction process changes to a temperature of the reference
range X corresponding to a correction history R showing “O”.
Thus, when the detected temperature Q changes to a tempera-
ture within the reference range X corresponding to the cor-
rection history R showing “O”, the position deviation correc-
tion process 1s defimtely executed.

The CPU 74 stores the result of the previously executed
density correction process, and proceeds to execute the next
process (S108) when the previously executed density correc-
tion process 1s normally executed (5106 1s YES).

Meanwhile, when the previously executed density correc-
tion process 1s not normally executed (5106 1s NO), the CPU
74 sets the position deviation correction requirement to OFF
(S114), and terminates the position deviation correction pro-
cess. When the previously executed density correction pro-
cess executed 1s not normally executed, the probability that,
the position deviation correction process executed by the
same procedure will not be normally executed, 1s high. By not
executing the position deviation correction process when the
previously executed density correction process 1s not nor-
mally executed, the execution of the position deviation cor-
rection process 1 low accuracy can be prevented.

Next, the CPU 74 calculates the elapsed time T2 since the
execution time N of the density correction process, and com-
pares the elapsed time T2 with the reference time G stored in
the memory 72 (S108). When the elapsed time T2 1s shorter
than the reference time G (5108 1s YES), after executing the
position deviation correction process (S110), the CPU 74
resets the elapsed time T1 and starts counting the elapsed time
T1 again (S111). For the position deviation correction pro-
cess, the processes are same as the processes described in the
first exemplary embodiment by using the same names, and

repeated explanation 1s omitted.

Meanwhile, when the elapsed time T2 1s longer than the
reference time G (S108 1s NO), the CPU 74 sets the position
deviation correction requirement to OFF (S114), and termi-
nates the position deviation correction process. Generally, 1t
1s well known that the shorter the elapsed time since the
previously executed correction process, the more likely the
next correction process will succeed. In the invention,
because the position deviation correction 1s not executed
when the elapsed time T2 since the execution time N of the
previously executed density correction process 1s longer than
the reference time G, the execution of the position deviation
correction process 1n low accuracy can be prevented.

The CPU 74 stores the result of the position deviation
correction process, and when the previously executed posi-
tion deviation correction process 1s normally executed (8112
1s YES), sets the density correction requirement U to OFF
(S114). Meanwhile, when the previously executed position
deviation correction process 1s not normally executed (S112
1s NO), the result 1s stored in the correction history R. For
example, when the temperature Q detected 1n S102 1s within
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the reference range X2, as shown 1n FIG. 15B, the correction
history R corresponding to the reference range X2 1s changed
to “X”.

When the previously executed position deviation correc-
tion process 1s not normally executed (5112 1s NO), the CPU
74 does not set the position deviation correction requirement
to OFF. In the second exemplary embodiment, because 1n the
above case the position deviation correction requirement D 1s
not set to OFF, when the temperature Q detected in the next
correction process changes to a temperature within the refer-
ence range X corresponding to the correction history R show-
ing “0”, the position deviation correction process 1s definitely
executed.

The present mvention 1s not limited to the exemplary
embodiments described by the above description and the
drawings. For example, the following embodiments may also
fall 1n the scope of the mvention.

For example, the image forming apparatus 1s not limited to
a color printer. It can be a monochrome printer, or a so called
multi-functional device that includes a copy function, and the
like.

Further, in the second exemplary embodiment, whether to
execute the correction process 1s determined based on the
temperature mside the printer 110, but whether to execute the
correction process can also be determined based on the
humidity 1nside the printer 110 and both the temperature and
the humidity inside the printer 110. Further, the correction
process, which has been determined to be executed or not, 1s
not limited to the position deviation correction process. In the
second exemplary embodiment, for the color deviation cor-
rection process, whether the correction process 1s executed 1s
judged based on the temperature (S104), which 1s also suit-
able for the density correction.

Each of the technical elements described 1n this specifica-
tion or the drawings has technical utility as a sole or various
combinations thereotf, and are not limited to combinations
defined 1n the claims at the time of the filing of the application.
Further, the technology exemplarily described 1n this speci-
fication or the drawings can simultaneously achieve a plural-
ity of objects, and technical utility can be obtained when one
of the plurality of objects 1s achieved.

What 1s claimed 1s:

1. An image forming apparatus comprising:

a forming unit configured to form an 1mage on a relatively
moving object, the image including a mark;

a first detection unit configured to detect the mark formed
by the forming unit so as to obtain a first detection result;

a correction unit configured to execute a correction process
in which an 1image forming condition of the image form-
ing unit 1s changed based on the first detection result;

a setting unit configured to set the correction process not to
be executed when a value related to a correction accu-
racy of the correction unit 1s lower than a reference
value; and

a control umt configured to control the correction process
based on the setting by the setting unat,

wherein the setting unit 1s configured to set a reference
frequency of a correction frequency of the correction
unit to decrease as the reference value decreases.

2. The mmage forming apparatus according to claim 1,
turther comprising a memory configured to store a plurality
of combinations of the reference value and the reference
frequency.

3. The image forming apparatus according to claim 1,

wherein when the value related to the correction accuracy
of the correction unit 1s lower than the reference value,

5

10

15

20

25

30

35

40

45

50

55

60

65

12

the setting unit sets the correction unit to execute the

correction process based on a manual instruction.

4. The image forming apparatus according to claim 1,
further comprising a second detection unit configured to
detect a surface condition of the object so as to obtain a second
detection result,

wherein when the second detection result shows that the

surface condition of the object 1s more deteriorated than

a reference condition, the setting unit evaluates that the

value related to the correction accuracy of the correction

unit 1s lower than the reference value.

5. The image forming apparatus according to claim 4,

wherein a detection mechanism 1s configured to serve as

both the first detection unit and the second detection
unit.

6. The image forming apparatus according to claim 4,

wherein a detection mechanism i1s configured to detect the

mark formed on the object and the surface condition of
the object 1n a single operation.

7. The image forming apparatus according to claim 4,
turther comprising a storage unit configured to store the sec-
ond detection result obtained by the second detection unit or
a third detection result obtained by a third detection unit 1n
correspondence with information related to the first detection
result of the correction process executed when the second
detection result or the third detection result 1s obtained,

wherein the setting unit evaluates whether the value related

to the correction accuracy of the correction unit 1s lower
than the reference value based on the information stored
in the storage unit.

8. The image forming apparatus according to claim 1,
further comprising a third detection unit configured to detect
at least one of temperature and humidity 1nside the image
forming apparatus so as to obtain a third detection result,

wherein when the third detection result 1s outside a refer-

ence range, the setting umt evaluates that the value
related to the correction accuracy of the correction unit1s
lower than the reference value.

9. The image forming apparatus according to claim 8,

wherein when the third detection result changes from the

outside of the reference range to an inside of the refer-
ence range, the setting unit sets the correction process to
be executed.

10. The image forming apparatus according to claim 1,

wherein the correction unit includes:

a first correction unit configured to execute a first cor-
rection process that corrects a first 1mage forming
condition of the forming unit; and

a second correction unit configured to execute a second
correction process that corrects a second 1mage form-
ing condition of the forming unit, and

the setting unit includes:

a first setting unit configured to set the first correction
process not to be executed by the first correction unit
under a first condition; and

a second setting unit configured to set the second cor-
rection process not to be executed by the second cor-
rection unit under a second condition that 1s different
from the first condition.

11. The image forming apparatus according to claim 10,

wherein the correction unit 1s configured to execute the

second correction process aiter the first correction pro-

CeSS,

wherein the setting unit includes a timing umt configured

to measure a time period from the execution of the first

correction process to the execution of the second correc-
tion process, and
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wherein, when the time period measured by the timing unit
1s longer than a reference time period, the second setting
unit 1s configured to evaluate that a value related to a
correction accuracy ol the second correction unit is
lower than the reference value.
12. The image forming apparatus according to claim 10,
wherein the first correction unit 1s configured to execute a
density correction process as the first correction process,

wherein the second correction unit 1s configured to execute
a position deviation correction process as the second
correction process,

wherein the correction unit 1s configured to execute the

second correction process aiter the first correction pro-
cess has been executed, and

wherein the second setting unit 1s configured to evaluate

whether a value related to a correction accuracy of the
second correction unit 1s lower than the reference value
based on information related to a result of the first cor-
rection process.

13. A non-transitory computer readable storing medium
storing a computer program for causing an image forming
apparatus, which includes an 1mage forming unit, to perform
a method of:

forming an 1mage on a relatively moving object, the image

including a mark;

detecting the mark so as to obtain a first detection result;

executing a correction process 1n which an image forming,

condition of the image forming unit 1s changed based on
the first detection result;

setting the correction process not to be executed when a

value related to a correction accuracy of the correction

process 1s lower than a reference value; and
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controlling the correction process based on the setting,

wherein the setting comprises setting a reference ire-
quency ol a correction frequency of executing the cor-
rection process to decrease as the reference value
decreases.

14. An 1image forming apparatus comprising;

a forming unit configured to form an 1mage on a relatively
moving object, the image including a mark;
a particular detection unit configured to detect the mark

formed by the forming unit so as to obtain a particular
detection result;

a correction unit configured to execute a correction process
in which an 1mage forming condition of the image form-
ing unit 1s changed based on the particular detection
result;

a setting unit configured to set the correction process not to
be executed when a value related to a correction accus-

racy of the correction unit 1s lower than a reference
value:

a control unit configured to control the correction process
based on the setting by the setting unit; and

a Turther detection unit configured to detect at least one of

temperature and humidity inside the image forming
apparatus so as to obtain a further detection result,

wherein when the further detection result 1s outside a ret-

erence range, the setting unit evaluates that the value
related to the correction accuracy of the correction unit1s
lower than the reference value.
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